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1
IMAGE SENSOR FOR MITIGATING DARK
CURRENT

BACKGROUND

Generally, an image sensor generates at least one of a
voltage or a current based on a photo-diode. For example, a
photo-diode collects at least one of electrons or holes from
light entering the image sensor, and the image sensor gener-
ates the voltage or current accordingly. However, a silicon
interface often generates at least one of electrons or holes that
are not associated with the light entering the image sensor,
such as dark current or white pixel noise, for example.

DESCRIPTION OF THE DRAWINGS

Aspects of the disclosure are understood from the follow-
ing detailed description when read with the accompanying
drawings. It will be appreciated that elements, structures, etc.
of the drawings are not necessarily drawn to scale. Accord-
ingly, the dimensions of the same may be arbitrarily increased
or reduced for clarity of discussion, for example.

FIG. 1 is a layout or top-down view of an image sensor,
according to some embodiments.

FIG. 2 is a layout or top-down view of an image sensor,
according to some embodiments.

FIG. 3 is a layout or top-down view of an image sensor,
according to some embodiments.

FIG. 4 is a layout or top-down view of an image sensor,
according to some embodiments.

FIG. 5 is a layout or top-down view of an image sensor and
a corresponding energy diagram, according to some embodi-
ments.

FIG. 6 is an energy diagram and a corresponding image
sensor, according to some embodiments.

FIG. 7 is a flow diagram of a method for mitigating dark
current, according to some embodiments.

DETAILED DESCRIPTION

The claimed subject matter is now described with reference
to the drawings, wherein like reference numerals are gener-
ally used to refer to like elements throughout. In the following
description, for purposes of explanation, numerous specific
details are set forth in order to provide a thorough understand-
ing of the claimed subject matter. It is evident, however, that
the claimed subject matter may be practiced without these
specific details. In other instances, structures and devices are
illustrated in block diagram form in order to facilitate describ-
ing the claimed subject matter.

FIG.1is alayout or top-down view of an image sensor 100,
according to some embodiments. For example, the image
sensor 100 of FIG. 1 comprises a first region 110, a second
region 120, a first surface protection region 142, a second
surface protect region 144, a first silicon interface 162, and a
second silicon interface 164. It will be appreciated that in
some embodiments, the image sensor 100 merely comprises
the first silicon interface 162 and not the second silicon inter-
face 164 or vice versa. In some embodiments, the first region
110 comprises a photo-diode. Additionally, the photo-diode
of the first region 110 is configured to collect one or more
electrons from light entering the image sensor 100. While the
present application generally discusses operation of the
image sensor 100 in terms of electrons, it will be appreciated
that in other embodiments, the image sensor 100, associated
components, regions, methods, etc. operate with respect to
holes, such as holes of an electron-hole pair, for example. In
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some embodiments, the image sensor 100 is configured to
generate at least one of a current or voltage based on at least
some of the electrons collected by the photo-diode of the first
region 110. For example, the photo-diode of the first region
110 is configured to collect an electron, such as an electron
received from light passing through the image sensor 100.
The first silicon interface 162 is at an edge of a dielectric
region, such as dielectric region 132, for example. The second
silicon interface 164 is an edge between a pass region 134 and
aback side interface (BSI) region 136, for example. However,
it will be appreciated that in other embodiments, at least one
of'the first silicon interface 162 or the second silicon interface
164 is associated with an edge of another region, such as a
photo-diode side wall associated with deep trench isolation.
In some examples, at least one of the first silicon interface 162
or the second silicon interface 164 is associated with a dark
current electron. For example, a first dark current electron 192
is generated at the first silicon interface 162. Similarly, a
second dark current electron 196 is generated at the second
silicon interface 164. Accordingly, the first surface protect
region 142 is configured to collect the first dark current elec-
tron 192, thus mitigating the first dark current electron 192
from being collected by the photo-diode of the first region
110. Similarly, the second surface protect region 144 is con-
figured to collect the second dark current electron 196, thus
mitigating the second dark current electron 196 from being
collected by the photo-diode of the first region 110. In some
embodiments, a voltage is applied to a surface protect region,
such as at least one of the first surface protect region 142 or the
second surface protect region 144, to create a higher potential
in the surface protect region with respect to surrounding
areas, such as the second region 120, thus enabling the surface
protect region to block electrons from a silicon interface from
flowing into a photo-diode and creating dark current or white
pixels, for example. In this way, the image sensor 100 is
configured to mitigate dark current, at least because dark
current electrons 192 and 196 are generally collected by at
least one of the first surface protect region 142 or the second
surface protect region 144, and thus do not enter the photo-
diode of'the first region 110. Accordingly, the photo-diode of
the firstregion 110 is configured to generally collect electrons
associated with light entering the image sensor 100, for
example.

In some embodiments, the first region 110 is surrounded by
the second region 120. For example, the second region
encompasses the first region 110. In some embodiments, at
least one of the first silicon interface 162 or the second silicon
interface 164 is located on at least one of a front side of the
second region 120 or a back side of the second region 120. For
example, at least one of the first silicon interface 162 or the
dielectric region 132 is located on the front side of the second
region 120. Additionally, at least one of the second silicon
interface 164, the pass region 134, or the BSI region 136 is
located on the back side of the second region 120. In some
embodiments a surface protect region is adjacent to at least
one of a silicon interface or the second region 120. For
example, the first surface protect region 142 is adjacent to at
least one of the second region 120 or the first silicon interface
162. Similarly, the second surface protect region 144 is adja-
cent to at least one of the second region 120 or the second
silicon interface 164. In this way, at least one of the first
surface protect region 142 or the second surface protect
region 144 acts as an electron magnet or a shield for a photo-
diode of the first region 110 with respect to dark current
electrons from a silicon interface, such as the first dark current
electron 192 from the first silicon interface 162 or the second
dark current electron 196 from the second silicon interface
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164. In some embodiments, a surface protect region, such as
atleast one of the first surface protect region 142 or the second
surface protect region 144, is located within the second region
120.

In some embodiments, at least one of the first region 110,
the first surface protect region 142, or the second surface
protect region 144 comprises a first doping type. In some
embodiments, the second region comprises a second doping
type opposite of the first doping type. For example, the first
region 110, the first surface protect region 142, and the second
surface protect region 144 are doped with an n-type doping
and the second region is doped with a p-type doping. In this
example, at least one of a photo-diode of the first region 110,
the first surface protect region 142, or the second surface
protect region is configured to collect electrons, such as an
electron from an electron-hole pair. In another example, the
first region 110, the first surface protect region 142, and the
second surface protect region 144 are doped with a p-type
doping and the second region is doped with an n-type doping.
Inthis example, at least one of a photo-diode of the first region
110, the first surface protect region 142, or the second surface
protect region is configured to collect holes, such as a hole
from an electron-hole pair.

FIG. 2 is alayout or top-down view of an image sensor 200,
according to some embodiments. For example, the image
sensor 200 of FIG. 2 is similar to the image sensor 100 of FIG.
1, except that image sensor 200 comprises a back side p-plus
region 138. Accordingly, the image sensor 200 comprises a
dielectric region 132, a first silicon interface 162, a first sur-
face protect region 142, a second region 120, a first region
110, a second surface protect region 144, the back side p-plus
region 138, a back side interface (BSI) region 136, a pass
region 134, and a second silicon interface 164. In some
embodiments, the back side p-plus region 138 is formed
between at least one of the second surface protect region 144
and the BSI region 136. In some embodiments, the back side
p-plus region 138 is formed between at least one of the first
region 110 and the BSI region 136.

In some embodiments, the first region 110 comprises a
photo-diode configured to collect electrons from light enter-
ing the image sensor 200. The image sensor 200 is configured
to generate at least one of a current or voltage based on at least
some of the electrons collected by the photo-diode of the first
region 110, for example. The image sensor 200 comprises a
first silicon interface 162 and a second silicon interface 164.
In some embodiments, the image sensor comprises a number
of silicon interfaces other than two, as the first silicon inter-
face 162 and the second silicon interface 164 are merely
examples. An edge of a dielectric region 132 is associated
with the first silicon interface 162, for example. Similarly, an
edge between a pass region 134 and a back side interface
(BSI) region 136 is associated with the second silicon inter-
face 164, for example. Generally, a silicon interface, such as
the first silicon interface 162 or the second silicon interface
164, is associated with a dark current electron, such as a first
dark current electron 192 or a second dark current electron
196. In some embodiments, a surface protect region is con-
figured to collect an electron, such as a dark current electron
from a silicon interface. For example, the first surface protect
region 142 is configured to collect electrons from the first
silicon interface 162, such as the first dark current electron
192. Similarly, the second surface protect region 144 is con-
figured to collect electrons from the second silicon interface
164, such as the second dark current electron 196. In this way,
dark current for a photo-diode of the first region 110 is thus
mitigated, at least because dark current electrons, such as the
first dark current electron 192 and the second dark current
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electron 196 are collected by respective surface protect
regions 142 and 144. In some embodiments, a voltage is
applied to at least one of'the first surface protect region 142 or
the second surface protect region 144 to create a potential
difference between the respective surface protect regions and
the second region 120, for example. Accordingly, at least one
of the first surface protect region 142 or the second surface
protect region 144 comprises a higher potential than the sec-
ond region 120, thus enabling the respective surface protect
regions to trap electrons which would otherwise likely be
collected by a photo-diode of the first region 110. An electron
associated with light entering the image sensor 200 is thus
collected by the photo-diode of the first region 110 without
interference from dark current of the respective silicon inter-
faces 162 and 164.

FIG. 3 is alayout or top-down view of an image sensor 300,
according to some embodiments. The image sensor 300 of
FIG. 3 comprises a first region 110, a second region 120, and
a first surface protect region 142. In some embodiments, the
second region comprises a first sub-region 394 and a second
sub-region 392. For example, respective sub-regions are
located between the first region 110 and the first surface
protect region 142. It will be appreciated that in some
embodiments, one or more sub-regions are formed between
the first region 110 and the first surface protect region 142
such that any number of sub-regions are formed. For
example, an area between the first region 110 and the first
surface protect region 142 comprises at least one of one
sub-region, two sub-regions, three sub-regions, four sub-re-
gions, any number of sub-regions, etc. In some embodiments,
athird region comprises respective sub-regions. In FIG. 3, the
third region comprises the first sub-region 394 and the second
sub-region 392, for example. In some embodiments, the third
region is doped in a non-uniform manner. For example, the
first sub-region 394 of the third region comprises a first dop-
ing concentration and the second sub-region 392 of the third
region comprises a second doping concentration different
than the first doping concentration of the first sub-region 394.
According to some aspects, the first sub-region 394 is adja-
cent to at least one of the first region 110 or the second
sub-region 392. Additionally, the second sub-region 392 is
adjacent to at least one of the first sub-region 394 or the first
surface protect region 142. In some embodiments, the first
doping concentration of the first sub-region 394 is greater
than the second doping concentration of the second sub-
region 392. For example, the first sub-region 394 and the
second sub-region 392 are doped with a first implant and
merely the first sub-region 394 is doped with a second
implant. In this way, the third region is doped in a non-
uniform manner, at least because third region comprises the
first sub-region 394 and the second sub-region 392.

Generally, an electron will gravitate towards a lower
energy potential as opposed to a higher energy potential. In
FIG. 3, when the first sub-region 394 is doped with a first
doping concentration greater than a second doping concen-
tration of the second sub-region 392, the first sub-region 394
is thus associated with a higher energy potential relative to an
energy potential associated with the second sub-region 392.
Accordingly, the third region is configured to repel an elec-
tron, such as electron 192, away from a photo-diode of the
first region 110. For example, the electron 192 is a dark
current electron associated with a silicon interface, such as
the first silicon interface 162 of FIG. 2. In some embodiments,
the electron 192 “rolls” from a higher energy level of the first
sub-region 394 to a lower energy level of the second sub-
region 392, at least because the first sub-region 394 is asso-
ciated with a first doping concentration greater than a second
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doping concentration of the second sub-region 392 and a
higher doping concentration of the first sub-region 394 results
in a corresponding higher energy potential. In some embodi-
ments, the first sub-region 394 is arranged closer to the first
region 110 than other sub-regions, such as the second sub-
region 392. In some embodiments, the second sub-region 392
is arranged closer to the first surface protect region 142 than
other sub-regions, such as the first sub-region 394. In this
way, the third region comprising the first sub-region 394 and
the second sub-region 392 is doped in a non-uniform fashion
to create a non-uniform energy potential such that an electron
within the third region is directed away from the photo-diode
of the first region 110, for example.

FIG. 4 s alayout or top-down view of an image sensor 400,
according to some embodiments. In some examples, the
image sensor 400 is similar to the image sensor 300 of FIG. 3,
except that the image sensor 400 of FIG. 4 comprises a fourth
region comprising a first sub-region 384 and a second sub-
region 382. It will be appreciated that a first surface protect
region 142 is not necessarily a same length as a second sur-
face protect region 144 in some embodiments. For example,
the first surface protect region 142 is a different length than
the second surface protect region 144.

In some embodiments, the image sensor 400 comprises a
first surface protect region 142, a second surface protect
region 144, a first region 110, a second region 120, a third
region, and a fourth region. For example, the third region
comprises a first sub-region 394 and a second sub-region 392
and the fourth region comprises a first sub-region 384 and a
second sub-region 382. In some embodiments, the first region
110, the first surface protect region 142, and the second sur-
face protect region 144 comprise a first doping type and the
second region 120 comprises a second doping type. In other
embodiments, the first region 110, the first surface protect
region 142, and the second surface protect region 144 com-
prise the second doping type and the second region 120 com-
prises the first doping type. In some embodiments at least one
of the third region or the fourth region is adjacent to at least
one of a surface protect region or the first region 110. For
example, the third region is adjacent to the first surface protect
region 142 and the first region 110 and the fourth region is
adjacent to the second surface protect region 144 and the first
region 110. It will be appreciated that a sub-region closer to
the first region 110 comprises a doping concentration differ-
ent than a doping concentration of a sub-region closer to a
surface protect region, for example. Accordingly, the first
sub-region 394 of the third region comprises a first doping
concentration and the second sub-region 392 of the third
region comprises a second doping concentration different
than the first doping concentration of the first sub-region 394.
Similarly, the first sub-region 384 of the fourth region com-
prises a first doping concentration and the second sub-region
382 of the fourth region comprises a second doping concen-
tration different than the first doping concentration of the first
sub-region 384. For example, for the third region, the first
doping concentration of the first sub-region 394 is greater
than the second doping concentration of the second sub-
region 392. Similarly, for the fourth region, the first doping
concentration of the first sub-region 384 is greater than the
second doping concentration of the second sub-region 382. In
some embodiments, electrons 192 and 194 are dark current
electrons associated with a silicon interface. For example,
electron 192 is repelled from the first sub-region 394 of the
third region to the second sub-region 392 of the third region.
In some embodiments, electron 192 is driven from the second
sub-region 392 of the third region and collected by the first
surface protect region 142. Similarly, electron 194 is repelled
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from the first sub-region 384 of the fourth region to the second
sub-region 382 of the fourth region. In some embodiments,
electron 194 is driven from the second sub-region 382 of the
fourth region and collected by the second surface protect
region 144. In this way, dark current is mitigated for the image
sensor 400 of FIG. 4, at least because dark current electrons
192 and 194 are not collected by the photo-diode of the first
region 110.

In some embodiments, at least one of the second sub-
region 392 of the second region or the second sub-region 382
of'the fourth region is associated with a same implant type as
the photo-diode of the first region 110. In some embodiments,
a voltage is applied to at least one of the second sub-region
392 of the second region or the second sub-region 382 of the
fourth region to mitigate dark current. For example, at least
one of the second sub-region 392 or the second sub-region
382 is configured to collect dark current electrons, thus miti-
gating dark current electrons from being collected by the
photo-diode ofthe firstregion 110. In some embodiments, the
applied voltage creates a higher potential in sub-regions 382
and 392 with respect to surrounding areas, thus enabling the
surface protect region to block electrons from a silicon inter-
face from flowing into a photo-diode and creating dark cur-
rent or white pixels, for example.

FIG. 5 is a layout or top-down view of an image sensor 500
and a corresponding example energy diagram 550, according
to some embodiments. It will be appreciated that the image
sensor 500 of FIG. 5 is rotated ninety degrees counter clock-
wise relative to FIGS. 1-4 in order to discuss the image sensor
500 with respect to the energy diagram 550. For example, an
“x” axis for the image sensor 500 maps to the “x” axis for the
energy diagram 550. In some embodiments, the image sensor
500 of FIG. 5 comprises a first region 110, a second region
120, a first surface protect region 142, a second surface pro-
tect region 144, a first silicon interface 162, and a second
silicon interface 164. Additionally, energy diagram 550 cor-
responds to a layout of the image sensor 500. For example, a
first energy potential well 142A corresponds to the first sur-
face protect region 142. Additionally, a second energy poten-
tial well 110A corresponds to the first region 110, at least
because the first region 110 comprises a photo-diode. Addi-
tionally, a third energy potential well 144 A corresponds to the
second surface protect region 144. Therefore, since an elec-
tron is generally drawn toward a lower energy potential, such
as at least one of the first energy potential well 142A, the
second energy potential well 110A, or the third energy poten-
tial well 144A, electrons associated with at least one of the
first silicon interface 162 or the second silicon interface 164
are collected by at least one of the first surface protect region
142 or the second surface protect region 144 via the first
energy potential well 142A or the third energy potential well
144A. Accordingly, electrons not associated with light pass-
ing through the image sensor 500 are mitigated from being
collected by the photo-diode of the first region 110, such as
electrons associated with at least one of the first silicon inter-
face 162 or the second silicon interface 164. In some embodi-
ments, the first surface protect region 142 is located on a front
side of a silicon interface, such as the first silicon interface
162 and the second surface protect region 144 is located on a
back side of a silicon interface, such as the second silicon
interface 164.

In some embodiments, an image sensor 500 comprises two
or more energy potential wells, such as energy potential wells
110A, 142A, or 144A. In some embodiments, one or more of
the energy potential wells is positioned at an edge of the
image sensor 500, for example. In this way, the energy poten-
tial well at the edge mitigates dark current by collecting dark
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current electrons. For example, the edge energy potential
well, such as at least one of 142A or 144 A, is configured to
mitigate dark current electrons from entering the photo-diode
energy potential well 110A. In this way, the image sensor 500
is associated with two or more energy potential wells.

FIG. 6 is an energy diagram 600 and a corresponding image
sensor 650, according to some embodiments. For example,
620 is an illustration of an example valence band associated
with non-uniform doping of at least one of a third region or a
fourth region, such as the third region or the fourth region of
FIG. 4. Additionally, 610 is an illustration of an example
conduction band associated with non-uniform doping of at
least one of a third region or a fourth region, such as the third
region or the fourth region of FIG. 4. It will be appreciated
that a first portion of respective energy bands is associated
with 694 and that the first portion 694 corresponds to a first
sub-region, such as first sub-region 394. Similarly, it will be
appreciated that a second portion of respective energy bands
is associated with 692 and that the second portion 692 corre-
sponds to a second sub-region, such as second sub-region
392. In some embodiments, a third region 650 comprises the
first sub-region 394 and the second sub-region 392. Addition-
ally, the first sub-region 394 comprises a first doping concen-
tration and the second sub-region 392 comprises a second
doping concentration different than the first doping concen-
tration of the first sub-region 394. In some embodiments, the
first sub-region 394 comprises a first doping concentration
greater than a second doping concentration of the second
sub-region 392. Additionally, the first sub-region 394 is
arranged closer to a photo-diode, such as a photo-diode of
first region 110 of FIG. 2, than the second sub-region 392, for
example. In some embodiments, the second sub-region 392 is
arranged closer to at least one of a silicon interface or a
surface protect region, such as the first silicon interface 162 or
the first surface protect region 142 of FIG. 2, than the first
sub-region 394, for example. In some embodiments, the first
sub-region 394 and the second sub-region 392 are doped with
a first implant and merely the first sub-region 394 is doped
with a second implant to create the non-uniform doping effect
within the third region 650. For example, electrons arriving at
the third region 650 are generally produced from a silicon
interface, such as the first silicon interface 162 of FIG. 2, and
associated with dark current. Accordingly, electrons in the
first portion 694 of at least one of the valence band 620 or the
conduction band 610 “roll” back towards the second portion
692. In other words, electrons in the first sub-region 394 of the
third region 650 are driven towards the second sub-region 392
of the third region 650, and thus driven away from a photo-
diode, such as the photo-diode of the first region 110 of FIG.
2, at least because the energy diagram 600 corresponds with
a doping concentration of the third region 650, for example.
In this way, at least one of a doping profile, doping concen-
tration, energy profile, or energy potential associated with at
least one of the third region 650, the first sub-region 394, or
the second sub-region 392 is adjusted.

FIG. 7 is a flow diagram of a method 700 for mitigating
dark current, according to some embodiments. In some
embodiments, the method 700 comprises forming a first
region comprising a first doping type at 702. Additionally, the
method 700 comprises forming a second region surrounding
the first region, the second region comprising a second doping
type at 704. For example, the second doping type is opposite
of'the first doping type, such as p-type versus n-type. In some
embodiments, the method 700 comprises forming a surface
protect region adjacent to at least one of a silicon interface or
the second region, the surface protect region comprising the
first doping type, thus mitigating dark current at 706.
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According to some aspects, the method 700 comprises
doping the first doping type with n-type doping and doping
the second doping type with p-type doping. According to
other aspects, the method 700 comprises doping the first
doping type with p-type doping and doping the second doping
type with n-type doping. In some embodiments, a back side
p-plus region is formed between the first region and a back
side interface (BSI) region. In some embodiments, forming
the first region comprises forming a photo-diode. In some
example embodiments, a third region is doped in a non-
uniform manner. For example, forming the second region
comprises forming a third region adjacent to at least one of the
surface protect region or the first region. Additionally, the
third region comprises a first sub-region and a second sub-
region. The third region is doped in a non-uniform manner in
some embodiments. For example, the first sub-region is
doped to comprise a first doping concentration and the second
sub-region is doped to comprise a second doping concentra-
tion different than the first doping concentration. According
to some aspects, the first and second sub-regions are arranged
to direct electrons away from a photo-diode. For example, the
method 700 comprises at least one of arranging the first
sub-region closer to the first region than the second sub-
region or arranging the second sub-region closer to the sur-
face protect region than the first sub-region. In some embodi-
ments, a surface protect region is placed on at least one of a
front side or a back side of an image sensor to mitigate edge
effects from dark current electrons of a silicon interface.
Therefore, a higher energy potential is created by non-uni-
form doping of a region or a surface protect region to block
electrons from reaching a photo-diode, such as a photo-diode
of first region 110 of FIG. 2, for example.

It will be appreciated that in some embodiments, at least
one of an image sensor, a photo-diode, a surface protect
region collects at least one of an electron or a hole. Similarly,
it will be appreciated that a silicon interface generates at least
one of an electron or a hole. In some examples, the image
sensor, the photo-diode, the surface protect region, the silicon
interface, etc. are described with in terms of electrons, such as
the photo-diode collecting an electron. However, it will be
appreciated that in other examples, the image sensor, the
photo-diode, the surface protect region, the silicon interface,
etc. operate based on holes rather than electrons, for example.
In other words, a component, such as the photo-diode, etc., is
configured to collect holes rather than electrons in some
embodiments.

One or more embodiments of techniques or systems for
mitigating dark current of an image sensor are provided
herein. In some embodiments, the image sensor comprises a
surface protect region doped with a first doping type. Addi-
tionally, a photo-diode of the image sensor is doped with the
same first doping type as the surface protect region. In this
manner, the surface protect region is configured to mitigate
dark current electrons or holes from entering the photo-diode,
for example. Additionally, pixel performance is improved, at
least due to a reduced amount of dark current electrons or
holes entering the photo-diode, thereby mitigating false posi-
tive signals associated with at least some of the dark current
electrons or holes.

In some embodiments, an image sensor comprises a photo-
diode, a silicon interface, and a surface protect region. For
example, the image sensor generates at least one of a current
or a voltage based on electrons collected by the photo-diode.
In some embodiments, the photo-diode is doped with a first
doping type. Generally, a first source of at least some of the
electrons is light entering the image sensor, such as via a pass
region or a back side interface (BSI) region, for example.
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However, a second source of at least some of the electrons is
the silicon interface, for example. Accordingly, the surface
protect region is doped with the same first doping type as the
photo-diode and configured to collect at least some of the
electrons associated with the silicon interface, thus mitigating
dark current associated with edge effects at least because at
least some of the electrons generated by the silicon interface
are collected by the surface protect region, rather than the
photo-diode.

According to some aspects, an image sensor for mitigating
dark current is provided, comprising a first region comprising
a first doping type. In some embodiments, the image sensor
comprises a second region comprising a second doping type.
For example, the second doping type is opposite of the first
doping type and the first region surrounded by the second
region. In some embodiments, the image sensor comprises a
silicon interface comprising at least one of an edge between
the first region and a dielectric region or an edge between a
back side interface (BSI) region and a pass region. Addition-
ally, the silicon interface is located on at least one of a front
side of the second region or a back side of the second region.
In some embodiments, the image sensor comprises a surface
protect region comprising the first doping type. For example,
the surface protect region is adjacent to at least one of the
silicon interface or the second region, thus mitigating dark
current.

According to some aspects, a method for mitigating dark
current of an image sensor is provided, comprising forming a
first region comprising a first doping type. In some embodi-
ments, the method comprises forming a second region sur-
rounding the first region, the second region comprising a
second doping type, the second doping type opposite of the
first doping type. In some embodiments, the method com-
prises forming a surface protect region adjacent to at least one
of'a silicon interface or the second region, the surface protect
region comprising the first doping type, thus mitigating dark
current.

According to some aspects, an image sensor for mitigating
dark current is provided, comprising a first region comprising
a first doping type. In some embodiments, the image sensor
comprises a second region comprising a second doping type,
the second doping type opposite of the first doping type, the
first region surrounded by the second region. In some
embodiments, the image sensor comprises a first silicon inter-
face comprising an edge between the first region and a dielec-
tric region, the first silicon interface located on a front side of
the second region. In some embodiments, the image sensor
comprises a second silicon interface comprising an edge
between a back side interface (BSI) region and a pass region,
the second silicon interface located on a back side of the
second region. In some embodiments, the image sensor com-
prises a first surface protect region comprising the first doping
type, the first surface protect region adjacent to at least one of
the first silicon interface or the second region. In some
embodiments, the image sensor comprises a second surface
protect region comprising the first doping type, the second
surface protect region adjacent to at least one of the second
silicon interface or the second region, thus mitigating dark
current.

Although the subject matter has been described in lan-
guage specific to structural features or methodological acts, it
is to be understood that the subject matter of the appended
claims is not necessarily limited to the specific features or acts
described above. Rather, the specific features and acts
described above are disclosed as example forms of imple-
menting the claims.
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Various operations of embodiments are provided herein.
The order in which some or all of the operations are described
should not be construed as to imply that these operations are
necessarily order dependent. Alternative ordering will be
appreciated based on this description. Further, it will be
understood that not all operations are necessarily present in
each embodiment provided herein.

Moreover, “exemplary” is used herein to mean serving as
an example, instance, illustration, etc., and not necessarily as
advantageous. As used in this application, “or” is intended to
mean an inclusive “or” rather than an exclusive “or”. In addi-
tion, “a” and “an” as used in this application are generally
construed to mean “one or more” unless specified otherwise
or clear from context to be directed to a singular form. Also,
atleast one of A and B and/or the like generally means A or B
or both A and B. Furthermore, to the extent that “includes”,
“having”, “has”, “with”, or variants thereof are used in either
the detailed description or the claims, such terms are intended
to be inclusive in a manner similar to the term “comprising”.

Also, although the disclosure has been shown and
described with respect to one or more implementations,
equivalent alterations and modifications will occurbased on a
reading and understanding of this specification and the
annexed drawings. The disclosure includes all such modifi-
cations and alterations and is limited only by the scope of the
following claims.

What is claimed is:

1. An image sensor for mitigating dark current, compris-
ing:

a first region comprising a first doping type;

a second region comprising a second doping type, the
second doping type opposite of the first doping type, the
first region surrounded by the second region;

a first surface protect region above the second region and
comprising the first doping type;

afirstsilicon interface comprising an edge between the first
surface protect region and a dielectric region above the
first surface protect region;

a second surface protect region below the second region
and comprising the first doping type; and

a second silicon interface comprising an edge between a
back side interface (BSI) region and a pass region below
the second surface protect region.

2. The image sensor of claim 1, the first doping type com-
prising n-type doping, the second doping type comprising
p-type doping.

3. The image sensor of claim 1, the first doping type com-
prising p-type doping, the second doping type comprising
n-type doping.

4. The image sensor of claim 1, comprising a back side
p-plus region between the second surface protect region and
the BSI region.

5. The image sensor of claim 1, the first region comprising
a photo-diode.

6. The image sensor of claim 1, comprising a third region
adjacent to the first region, the third region comprising:

a first sub-region; and

a second sub-region.

7. The image sensor of claim 6, the third region doped in a
non-uniform manner such that:

the first sub-region comprises a first doping concentration;
and

the second sub-region comprises a second doping concen-
tration different than the first doping concentration.
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8. The image sensor of claim 6, the first sub-region adjacent
to the first region and the second sub-region adjacent to at
least one of the first surface protect region or the second
surface protect region.

9. The image sensor of claim 6, a first doping concentration
of the first sub-region greater than a second doping concen-
tration of the second sub-region.

10. The image sensor of claim 1, the second region in
contact with the first surface protect region and the dielectric
region.

11. A method for mitigating dark current of an image
sensor, comprising:

forming a first region comprising a first doping type;

forming a second region surrounding the first region, the

second region comprising a second doping type, the

second doping type opposite of the first doping type;

forming a third region at least one of above the first region

or below the first region, comprising:

forming a first sub-region comprising the first doping
type adjacent to the second region; and

forming a second sub-region comprising the first doping
type adjacent to the first sub-region, wherein a second
doping concentration of the second sub-region is less
than a first doping concentration of the first sub-re-
gion; and

forming a surface protect region adjacent to the second

sub-region, the surface protect region comprising the
first doping type.

12. The method of claim 11, the first doping type compris-
ing n-type doping, and the second doping type comprising
p-type doping.

13. The method of claim 11, the first doping type compris-
ing p-type doping, and the second doping type comprising
n-type doping.

14. The method of claim 11, comprising forming a back
side p-plus region between the first region and a back side
interface (BSI) region.
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15. The method of claim 11, forming the first region com-

prising forming a photo-diode.

16. An image sensor for mitigating dark current, compris-

ing:

a first region comprising a first doping type;

a second region comprising a second doping type, the
second doping type opposite of the first doping type, the
first region surrounded by the second region;

a third region at least one of above the first region or below
the first region, the third region comprising:
afirst sub-region adjacent to the second region and com-

prising the first doping type; and
a second sub-region adjacent to the first sub-region and
comprising the first doping type; and

a first surface protect region comprising the first doping
type, the first surface protect region adjacent to the sec-
ond sub-region.

17. The image sensor of claim 16, the third region above the

first region and the image sensor comprising:

a fourth region below the first region, the fourth region
comprising:

a third sub-region adjacent to the second region and
comprising the first doping type; and

a fourth sub-region adjacent to the third sub-region and
comprising the first doping type.

18. The image sensor of claim 17, comprising a second

surface protect region adjacent to the fourth sub-region.

19. The image sensor of claim 17, wherein:

a second doping concentration of the second sub-region is
less than a first doping concentration of the first sub-
region; and

a fourth doping concentration of the fourth sub-region is
less than a third doping concentration of the third sub-
region.

20. The image sensor of claim 16, the second region in

contact with the first sub-region, the second sub-region, and
the first surface protect region.
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